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Abstract— This paper introduces the use of Dual Circular 
Polarisation Multiplexing (DCPM) for land mobile satellite 
communication (LMS) systems as a simpler alternative to 
MIMO. The conditions for switching from traditional 
polarisation-separated MIMO to DCPM are analysed using 
synthetic data and data obtained from a previous LMS 
measurement campaign. Metrics used for performance 
comparison include the channel ergodic capacity, channel 
correlation, and the channel cross-polar ratio (XPR). DCPM 
brings with it the benefits of simpler receiver based processing 
dependent only upon the mobile. 
I. INTRODUCTION 
Land mobile satellite (LMS) communication systems can 
greatly benefit from Dual Circular Polarisation Multiplexing 
(DCPM) and polarisation-separated multiple-input multiple-
output (MIMO) techniques depending on the prevailing 
conditions between the communicating terminals. This paper 
aims to show that DCPM is a simpler technique to combine 
orthogonal polarisation-induced independent channels where 
scattering is low. Thus, apart from removing the need for 
synchronization of the orbiting satellites (where the spatially 
separated antennas are located), polarisation-separation can 
guarantee co-location and compactness of the transmitting and 
receiving terminals [1], [2]. 
Literature in [2], [6] and analysis carried out shows that 
orthogonal polarisation provides near perfect independence of 
LMS MIMO branches in line of sight (LOS) conditions, thus 
making the use of DCPM very appealing in these scenarios. 
For the two-transmit two-receive polarisation-separated LMS 
MIMO system being analysed, DCPM involves optimally 
weighting and combining two single-input multiple-output 
(SIMO) branches at the receiver. This technique does not 
require feedback to the transmitter or satellite (in the form of 
channel state information) as traditional MIMO requires thus 
making it operationally simpler to implement. 
This paper is organised as follows: Section II gives 
matrices representing the LMS channel for polarisation-
separated MIMO and DCPM configurations followed by an 
introduction to the channel metrics used in determining when 
it is favourable to switch from DCPM to polarisation-
separated MIMO. Switching from the former to the latter 
technique is analogous to switching from beamforming to 
spatial multiplexing. Section III contains quantitative results 
obtained from the channel metrics and anechoic chamber 
measurements. Also included in this section are theoretical 
considerations, assumptions made and simplifications 
implemented. Lastly, Section IV draws some conclusions and 
points to areas for future research.  
II. DATA ANALYSIS 
The analysis done in this study is based on data obtained 
from an extensive measurement campaign carried out in 
[3],[4] using right hand circular polarisation (RHCP) and left 
hand circular polarisation (LHCP) transmissions from a 
satellite simulated by using a hilltop  mounted platform at 
elevations  ranging from 7
o
 to 18
o
. The centre frequency used 
was 2.45GHz with a bandwidth of 200MHz. The second 
source is synthetic data generated to be representative of 
perfectly orthogonal LMS channels. 
Whereas analysis done in [3] used wideband data for the 
whole range of measurement taken in each environment, the 
approach used here is to divide the obtained measurement data 
into sections in which LOS and non line of sight (NLOS) 
conditions respectively are prevalent. The narrowband 
component of the data was extracted using Fourier transforms 
following the Bello system functions and the unwanted 
frequencies then filtered out. 
The following subsections expand on available literature 
relating to the polarisation domain of the LMS MIMO system. 
A. MIMO Channel Representation 
The channel representation for the measurement campaign 
is shown in Fig. 1. 
 
 
Fig. 1  Dual-polarized LMS MIMO channel representation 
 
The channel matrix for Fig. 1 is given by: 
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In (1), |hij|
2
 represents the instantaneous channel gain from 
transmitter i to receiver j. For the generated synthetic data, the 
channel matrix is represented by: 
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where the hij terms have the same meaning as in (1) but with 
hRR and hLL having the same magnitude but different randomly 
distributed phases. hLR and hRL are attenuated by M, which  is 
a depolarizing factor. Using interference mitigation [5] at the 
mobile terminal, the wanted polarisation can be obtained 
while suppressing the unwanted polarisation. 
To gain RHCP the outputs are forced to one and zero 
respectively using adaptive antenna processing weights w1A 
and w2A [5] as follows:  
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While setting w1B and w2B to gain LHCP, we have: 
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Equations (3) and (4) are then respectively solved 
simultaneously to obtain the required phase weights given by: 
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An important point to note is that all four phase weights are 
close to or less than 1 for high M above 10dB so they are 
passive and require no extra energy. 
B.  Channel Normalisation 
The measured data is normalised by dividing the obtained 
channel impulse response by: 
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where m and n represent the number of receivers and 
transmitters respectively. NSam represents the number of 
sampled impulse responses. This limits the total power 
transmitted/received. Shadowing is filtered out using the 
moving mean averaging method. 
C. Channel Correlation  Analysis 
The effect of coupling between orthogonal polarisations is 
complicated and MIMO schemes using multiple-polarisation 
aim to minimise this as much as possible. For this paper, 
channel correlation analysis helps to show how the orthogonal 
channels change with respect to each other and how much 
power is decoupled from one polarisation to another. The 
correlation matrix for a time series of measured data can be 
derived from: 
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where 
*
RRh represents the conjugate transpose of RRh as 
defined in (1). The correlation matrix of the LHCP co- and 
cross-polar channels follow a similar nomenclature. 
Determination of sections of measurement data where LOS 
is prevalent is achieved though Rice factor analysis and also 
by inspecting the time series of absolute co-polar power.  
These sections have relatively higher absolute co-polar power 
and correspond to periods where the tree-lined route in which 
the measurement was taken was devoid of obstructing trees 
and houses. An alternative to (9) is to complex correlate short 
quasi-static sections (where number of samples complex 
correlated is at least ten times the sampling factor) of the time 
series measured data. 
D. Channel Ergodic Capacity 
The channel ergodic capacity is derived from the standard 
Shannon formula, which is given in [7] and [8] as: 
 
C = log2[det(In + SNRHH
H
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where In is an n × n identity matrix, and H
H
 is the Hermitian 
conjugate of H. SNR represents the signal to noise ratio, 
which needs to be normalised to limit the total transmit power. 
For the synthetic data, MIMO capacity is given by: 
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The capacity for the DCPM scheme is given by: 
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In (14) and (15), the noise floor,
2
nσ  is introduced for a fair 
capacity comparison. It is derived from the SNR and the 
normalised channel impulse response as follows: 
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2
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III. RESULTS 
The results of the channel metrics when operated on the 
synthetic and measurement campaign data are given below. 
Fig. 2 shows CDF plots of the synthetic channel data capacity 
of polarisation-separated MIMO and DCPM schemes at 
different depolarisation factors, M. The performance 
evaluation of these two implementations is then done without 
losing sight of the assumptions underlying the generation of 
the synthetic channel data. These assumptions include the 
presence of perfect LOS conditions, perfectly orthogonal co-
polar channels (hRR and hLL) having the same magnitude but 
with different randomly distributed phases and the presence of 
M which provides the antennas with cross-polar rejection by 
reducing the magnitudes of the received cross-polar powers 
(hRL and hLR). 
The achievable capacity for both the MIMO and DCPM 
implementations at 90% availability exceed that of SISO by at 
least 3.5b/s/Hz. As expected, MIMO achieves at least double 
the SISO capacity, settling to about 7b/s/Hz at an M value of 
12dB. DCPM gives higher capacity than MIMO when M is 
12dB and at 90% availability but when the availability falls 
below 50%, MIMO provides superior performance. As the 
polarisation purity increases (i.e. M > 12dB), the performance 
of DCPM becomes better than that of MIMO at all availability 
levels. 
The amount of polarisation discrimination provided by 
practical orthogonally polarised antennas necessary for the 
operability of the DCPM scheme was investigated through 
anechoic chamber measurements.  Fig. 3 shows polar plots of 
the elevation gain pattern for a right hand circular polarised 
antenna used in an LMS measurement campaign by [3]. It can 
be observed that within the elevation angle range of the 
measurement campaign, the cross-polar discrimination was in 
the region of around 10dB which can provide suitable 
polarisation rejection. 
 
 
Fig. 2  CDF of MIMO and DCPM capacities from synthetic data 
 
 
Fig. 3  Polar plot of elevation gain pattern for RHCP antenna 
 
Shown in Fig. 4 is the anechoic chamber measurement for 
the receiving mobile antenna’s cross-polar discrimination 
across the frequency range of 2.4GHz to 2.56GHz. Note that 
the transmitting antennas used for the LMS measurement 
campaign were directional patch antennas tuned for operation 
within the 2.4GHz to 2.485GHz frequency range while the 
receiving omni-directional antennas operated optimally 
between the 2.4GHz to 2.55GHz frequency range. It can be 
seen that the antenna maintains adequate polarisation rejection 
across the frequency range of interest. 
Using data obtained from the LMS measurement campaign 
in [3] and [4], two sections were extracted and the 
instantaneous channel capacities computed for the DCPM, 
MIMO and SISO implementations. The first section of data 
was for a predominantly LOS period with a Rice factor of 8dB 
while the second section was mostly NLOS and had a Rice 
factor of -10dB (Rayleigh). 
Table I shows the channel parameters for the extracted data 
sections. It can be observed that the channel complex 
correlation coefficient for the spatially separated co-polar 
channels (i.e. hRR compared against a second hRR channel) is 
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relatively high at 0.77 even though the co-polar transmitters 
were separated by about 10 wavelengths. Orthogonal 
polarisation provides better channel de-correlation, with a 
correlation coefficient of 0.62. As is expected, the channels 
are more de-correlated in NLOS periods at 0.62 and 0.59 for 
the co-polar and cross-polar channels respectively. DCPM 
provides an average capacity of 5b/s/Hz compared with that of 
MIMO at 7.5b/s/Hz and SISO at 3.6b/s/Hz.  All three 
implementations provide reduced capacity when the channel 
condition is NLOS. 
The average cross polar ratio for the LOS section was 
0.6dB and -4.4dB for the NLOS section. This shows that a lot 
of power was decoupled from one polarisation to another 
whereas DCPM requires a high purity of the orthogonally 
polarised channels. 
 
 
Fig. 4  Anechoic chamber measurement of mobile antenna cross-polar 
discrimination 
TABLE I 
EXTRACTED CHANNEL PARAMETERS 
Correlation 
coefficient 
Average capacity (b/s/Hz) Data 
Section 
Co-
polar 
Cross-
polar 
Rice 
factor 
(dB) DCPM MIMO SISO 
LOS 0.77 0.62 8.0 5.0 7.5 3.6 
NLOS 0.62 0.59 -10.0 3.8 2.3 2.2 
 
IV. CONCLUSIONS 
The DCPM scheme has been introduced and investigated 
under the premise that it is a simpler technique to utilize 
polarisation-induced channel orthogonality for LMS systems. 
Channel capacities achieved by the use of polarisation-
separated MIMO have been compared with that of the DCPM 
scheme using both synthetic and measured data. Capacities 
achieved from the synthetic data showed that in the absence of 
all propagation effects except polarisation, DCPM guarantees 
higher capacities than MIMO when the polarisation 
discrimination is high. The measured data gave somewhat 
varying results from those achieved with the synthetic data 
because the channel matrix represented by (1) completely 
captures all the propagation effects that are present in the 
LMS channel including the noise inherent in the measurement 
equipment. Processing of the measured data was not totally 
successful in filtering out all the undesirable effects to make 
for a fairer comparison between capacities computed from (1) 
and (2) respectively. A major advantage of using DCPM is 
that it requires a simpler receiver based processing without the 
need for feed back of the channel state information to the 
transmitter.  Further validation of DCPM in the LMS channel 
using Eigen analysis is in progress and future research will 
also focus on investigating more channel data measured at 
higher elevation angles. 
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